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The quantitative measurements presented in the preceding commu- 
nication  (1)  made with potassium citrate as a precipitant at pH 6.8 
and 0°C.  on undiluted serum, differ greatly from the usual results 
found elsewhere in the literature.  The following experiments are now 
adduced to show that these differences arise from the circumstance 
that in most of the previous work not all of the essential variables, 
namely, the pH, temperature, kind of salt, and protein concentration, 
were controlled in the same manner. 
As a  standard,  curves made at pH  6.8  and 0°C.  with composite 
samples of blood serum from 30 or more male rats 100 days old were 
used, since different series were found to be reproducible and coinci- 
dent.  Individual  biological  differences had  thus  been  eliminated. 
Any deviation from this standard could then be demonstrated.  In 
two cases a standard of females was substituted. 
In these solubility curves several fractions, A, B, C (Ca and C~), and 
D  may be distinguished (1).  The effect of change in each essential 
variable on these fractions has been determined. 
EXPEI~  ~[ENTAL 
Change in pH 
The methods of procedure and analyses were the same as  those 
described in a preceding paper unless otherwise mentioned. 
Previously, a pH of 6.8, as determined by the glass electrode, was 
used.  5.5 was chosen for comparison with this because it is the pH 
used by Svedberg (2) as the isoelectric point of globulin. 
* This work was aided by The Rockefeller Foundation Fluid Research Fund. 
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Serums from two different lots of  30 female rats were  used.  The 
per cent of protein in the dialyzed serum, 6.62 per cent at a  pH of 5.5, 
TABLE  I 
Stock Diet 
Blood Serum from Female Rats--5 Month~ Old, O°C. 
ptt 6.8 
Total composition by weight  Liquid phase by weight 
potassium citrate  Protein  Potassium citrate  Protein 
~er CeNt  per cent 
19.86 
23.82 
25.78 
26.79 
27.78 
29.75 
31.72 
32.70 
33.78 
34.66 
35.63 
37.55 
5.770 
5.473 
5.326 
5.252 
5.177 
5.030 
4.883 
4.808 
4.727 
4.660 
4.585 
4.437 
20.00 
24.50 
26.95 
27.70 
28.96 
31.07 
33.23 
34.45 
35.95 
36.87 
37.70 
39.75 
~r ce~ 
5. 666 
4.527 
3.937 
3.556 
3.218 
2.608 
1.876 
1.592 
0.935 
0.869 
0.511 
0.133 
pH 5.50 
18.85 
20.60 
22.30 
24.00 
25.67 
27.31 
28.13 
28.30 
29.74 
30.51 
31.30 
32.08 
32.84 
33.59 
5.24 
5. 086 
4. 925 
4. 768 
4.610 
4.453 
4. 377 
4. 352 
4. 222 
4.141 
4.063 
3. 987 
3. 908 
3. 830 
19. O0 
20.72 
25.91 
24.76 
26.42 
28.19 
29.42 
29.68 
30.99 
32.05 
32.38 
31.97 
34.11 
34.90 
5. 226 
5.02 
3. 778 
4. 274 
3.663 
3.086 
2.945 
2.678 
2.338 
1.965 
1. 790 
1. 972 
1.301 
1.054 
was  less  than  in the  standard  experiment, 6.95  per  cent  protein at 
pH  6.9. 
The whole range of precipitation was not covered by the curve at ELOISE JAMESON  861 
pH 5.5,  since the curve at that pH did not take the shift to the left 
to be expected from the literature, a shift which would have shown a 
decrease in solubility of the protein fractions at the isoelectric point 
of globulin. 
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Fzs. 1.  Comparison of curves at pH 5.5 and pH 6.9.  Blood  serum from 30 
female rats.  Phase rule diagram at 0°C. 
® -- total composition  pH 5.5 
&  -- total composition  pH 5.9 
G)  -- liquid phase pH 5.5 
A  = liquid phase pH 6.9. 
Table I and Fig. 1 give the results of the precipitation of protein of 
rat serum at 0  ° by potassium citrate at the two different hydrogen ion 
concentrations, the standard curve at pH 6.8, the experimental curve 
at pH 5.5.  As may be seen, in general the two curves follow the same 
slope except in the extreme left part.  If lines are drawn connecting 862  PHASE  RULE  STUDY  OlV PROTEINS OF BLOOD  SERUM 
the points of total composition in the two experiments and a  ruler is 
placed across all four lines in their middle sections, the proportionality 
of the protein in solution to that of the total composition may be seen. 
The  conclusion may then  be  drawn  that  at  0°C.  the  solubility  of 
protein as denoted by the middle section of the curve is independent 
of the pH  but  dependent solely upon  the total  amount of protein 
present. 
There is less of the first fraction, A, and more of the second fraction, 
B, separating at a pH of 5.5.  The break which is not apparent at a 
pH of 6.9 becomes visible at a pH of 5.5.  This might be explained by 
the fact that part of the first fraction of protein is  combined with 
lipoids by means of a  bond which may be easily broken at the iso- 
electric point  of  the  protein,  changing  its  apparent  solubility.  A 
study of the solubility of this fraction in potassium citrate solutions is 
in progress. 
The qualitative effect of pH at room temperature is reported later 
in this article in the paragraph on salting out of proteins from diluted 
serum  by  (NH0~SO4.  A  distinct  decrease in  solubility  from  that 
shown in the standard curve occurs in the albumin end, at room tem- 
perature and probably even at 0°C. 
As may be seen from a comparison of the curves, the precipitation 
is not related to the citric acid in solution.  In the experiments repre- 
sented by points at pH 5.5 the citric acid was as much as 20 per cent 
of the amount of citrate when concentrations of citrate were highest. 
In the curve for pH 6.8 the maximum is about 3 per cent. 
There are many observations in the literature upon the importance 
of pH control.  In general it is known that the single proteins (3) are 
less soluble at their isoelectric points than at either higher or lower 
concentrations of H  ions.  In  curves with  whole serum very little 
change in solubility has been found between the pH's of 4.8 and 9.0(4). 
Butler, Blatt,  and Southgate (5)  have made a  study of the effect of 
changing the pH  on the complete salting out curve of serum with 
potassium phosphate.  They find a  parallelism between their curves 
at 39  ° with increasing solubility from pH 5.4 to 6.5 and to 7.7.  How- 
ever, they do not compare the curves at 0  ° where the effect of the salt 
on the proteins is minimal, but at  39 ° where the solubilities of the 
protein fractions have already been altered by the elevated tempera- ELOISE IAm~SON  863 
ture.  Butler, Blatt, and Southgate have diluted the serum 1 to 16 or 
1 to 31 with phosphate solution while in the experiments reported here 
it is undiluted. 
The  works of ~IcFarlane  (6)  show clearly  that  existing  bonds or 
complexes are broken apart on dilution.  Consequently, it is only in 
undiluted  serum  that  the proteins  as they occur naturally,  may be 
studied. 
Change in Temperature 
Two  experiments  were  carried  out  as  nearly  simultaneously  as 
possible, on the same composite sample of female rat serum at the two 
temperatures 0°C. and 23°C.  In each case the pH was 6.8. 
Table II gives the results, which are plotted in Fig. 2. 
In general less protein remains in solution at 23  ° than at 0°C. at a 
definite  salt  concentration.  The  fraction  A  proves an  exception  to 
this statement since the first portions of the two curves almost coin- 
cide.  The  solubility  of  A  is,  therefore,  not  as  greatly  affected by 
temperature as by the change in pH just discussed. 
The quantity of fraction B becomes larger at 23  ° than at 0  °.  It is 
not visible in female rat serum at 0°C.  In the middle section of the 
23  °  curve between the  salt  concentrations  24.5 per  cent to  27.5 per 
cent,  approximately,  there  is  almost  no  further  precipitation  of 
protein  with  added  increments  of  salt.  For  the  first  time,  in  this 
work, the flat place so often described in the literature may be seen. 
The protein, which precipitates gradually at 0  ° along the curve from 
23 per cent to 27.5 per cent potassium citrate has come down suddenly 
at  23  °  from  23  per  cent ' to  24.5  per  cent  salt.  It  has  become less 
soluble, possibly due to aggregation. 
From 27.5 per cent of salt to the most concentrated solutions, there 
is a  gradual increase in the distance between the curves, indicating a 
growing rate of precipitation at 23  ° until the protein is practically out 
of solution at 36 per cent salt.  The difference in solubility of proteins 
with  temperature  is most marked in the albumin fraction,  D.  The 
rise in temperature  also increases the amount of fraction D  as meas- 
ured by the difference between an extension of C  and the base line. 
The effect of raising  the temperature  is, then,  to cause a  splitting 
apart in the complex denoted by C with the simultaneous increase in 
both fractions B and D. 864  PHASE  RULE  STUDY OF  PROTEn~S  oF  BLOOD SERUM 
Many  investigations have been carried out at low temperatures  (7) 
as o.nly by so doing may  proteins be preserved unchanged for even  a 
short  time.  The  increase  of  solubility  of  proteins  with  decreased 
TABLE  II 
Comparison of Influence of Temperature on  Precipitation of Blood Serum from 
60 Female Rats--5 Months Old--pH  6.8 
Total composition  by weight  [  Liquid phase by weight 
Potassium citrate  [  Protein  I  Potassinm citrate  I  Protein 
O°C. 
per ¢en~ 
19.86 
23.82 
25.78 
26.79 
27.78 
29.75 
31.72 
32.70 
33.78 
34.66 
35.63 
37.55 
per ten4 
5.770 
5.473 
5.326 
5.252 
5. 177 
5.030 
4.883 
4.808 
4.727 
4. 660 
4.585 
4.437 
~er tea: 
20. O0 
24.50 
26.95 
27.70 
28.96 
31.07 
33.23 
34.45 
35.95 
36.87 
37.70 
39.75 
~r ¢oa 
5. 666 
4. 527 
3.937 
3. 556 
3. 218 
2. 608 
1.876 
1. 592 
0.935 
0.869 
0.511 
O. 133 
17.86 
19.86 
21.84 
23.82 
24.82 
25.80 
27.78 
29.75 
30.74 
31.72 
33.68 
35.63 
Room tern terature 
5.916 
5.770 
5. 620 
5.471 
5.399 
5. 325 
5.178 
5.030 
4.956 
4.882 
4.734 
4.585 
18.60 
20.66 
23.11 
24.60 
25.73 
27.40 
29.41 
32.32 
33.95 
34.10 
35.84 
38.65 
5.953 
5.444 
4.796 
3.892 
3.727 
3.465 
2.819 
1.765 
1.250 
1.006 
O. 226 
O. 0143 
temperature  is  also  a  matter  of  record  (8).  The  23  °  curve  shows  a 
similarity  to  those  of  Butler  and  Montgomery  (9)  with  phosphate 
solutions,  and  Howe's  (10)  with  Na,S04,  for it might  be drawn  as a ELOISE ~A~SON  865 
series  of  curved  lines.  In  Butler  and  Montgomery's  work,  room 
temperature and in Howe's work a  temperature of 37°C. was chosen. 
Butler, Blatt, and Southgate's curves (5) show an increase in solu- 
bility of every fraction from 39  ° or 20  ° to 0 ° and a parallelism between 
A 
C 
I-Iomoseneous 
I-t20/8  2o  zs  50 
Hetero~eneoum 
AAA® A®A 
2$'C 
FIo. 2.  Comparison of curves at 0°C. and 23°C. 
rats.  Phase rule diagram 
® 
.~5  --  40  45 
Potassium citrat~ 
Blood serum from 60 female 
®  =  total composition 0°C. 
®  =  liquid phase 0°C. 
A  =  total composition 23°C. 
A  =  liquid phase 23°C. 
the  curves.  In  their experiments complexes had  already been  split 
apart by dilution.  It was then impossible to show the effect of a rise 
in temperature in accomplishing this alteration in the original state of 
the serum proteins. 866  PHASE  RULE  STUDY  OF  PROTEINS  OF  BLOOD  SERUM 
Changes in Nature of the Salt 
Precipitation of male rat serum was carried out at 0 ° with (NH4)~SO, 
instead  of  potassium  citrate  as  the  precipitant  without  regard  to 
keeping  the pH constant.  The pH changed  from pH 6.9 in  15 per 
cent (NH~),SO4 solution to 6.3 in 29 per cent (NH4)~SO, solution  (1). 
The results of the experiment are shown in Table III and graphed in 
Fig.  3. 
The curve is of the same type as that made at pH 5.5 with potas- 
sium citrate in which the fraction A  is lessened and fraction B  is in- 
creased.  The same straight line relationship of protein concentration 
to salt solution exists as with potassium citrate. 
TABLE  III 
Blood Serum from 30 Male Rats---lO0 Days Old--Precipitation by (NH~)~SO4-- 
O°C.--pH from 6.88 to 6.25 
Total composition  by weight 
(NHO~S04 
per c~ 
14.86 
15.80 
17.70 
19.60 
21.50 
23.41 
25.32 
27.24 
29.16 
Protein 
p0r ¢~ 
5.847 
5. 782 
5.652 
5.521 
5.391 
5.260 
5.128 
4.997 
4.865 
Liquid phase by weight 
(NH*)2$04 
,Oct Cenl~ 
15.11 
15.56 
17.92 
19.93 
22.14 
24.40 
26.77 
29.02 
31.09 
Protein 
per ceng 
5. 510 
5. 388 
4.550 
3.840 
3.020 
2.105 
1.072 
0.260 
Trace 
Several  different  salts  have  been  mentioned  in  the  literature  as 
suitable for salting  out proteins.  Sf~rensen  (8)  used  (NH,)2SO4 and 
acetates,  Butler  and  Montgomery  (9)  used phosphates,  Howe  (10), 
Na2SO4.  Hardy  (7)  found  as  early  as  1910  that  (NH4)2SO4  is  not 
suitable as a precipitant for euglobulin since the latter does not retain 
its original properties after being precipitated  by that  salt.  In pre- 
vious  work,  potassium  citrate  appeared  to  the  author  to  be  most 
satisfactory as a  precipitant  (1). 
Change in Concentration of Protein 
Table IV gives the data for the precipitation  by potassium citrate 
of  the  proteins  of  rat  serum  at  two  different  concentrations.  The ELOISE  ~A~IESON  867 
data are plotted in Figs. 4 and 5.  The part of Fig. 4 which shows the 
fusion of the curves is enlarged in Fig. 5. 
Curve I, which is a  composite made from two different lots of male 
rat serum under the standard  conditions, is compared with curve II 
made from the same rat serum diluted 1 part serum to 2 parts 5 per 
gS, 
F 
Hete~ogeneou~ 
/..  V  ,  V  v  Iff20 /$  2o  ~  jro- 
FIG. 3. Diet--stock. 
rule diagram at 0°C. 
Ammonium  suifate 
Blood serum from forty I00 day old male rats. Phase 
x  -- total composition 
®  = liquid  phase 
cent potassium citrate  solution.  Except for the break which is not 
visible in  curve  II  (possibly because  its  concentration  is  not  great 
enough)  the  curves  represent  solubilities  of  proteins  which  are  in 
proportion  to the total compositions on the  same tie lines until  the 
change in direction occurs in curve I at 32.5 per cent salt.  From that 
point to between 37.5 per cent and  38 per cent salt, where the two 868  PHASE  RULE  STUDY  OF  PROTEINS  OF  BLOOD  SERIf~ 
curves meet, curve I  approaches curve II.  At the latter point very 
little protein except the albumin fraction D is still in solution.  Within 
the limits of error of the experiment the protein in solution is constant 
from 38 per cent salt to 41 per cent salt whether a  concentrated or 
diluted serum is used for precipitation.  Possibly enough solid phases 
are present to determine the protein content of the liquid phase.  It is 
TABLE  IV 
Comparison of Undiluted and Diluted Blood Serum  from 40 Male Rats--lO0 Days Old 
Precipitated by Potassium Citrate O°C.--pH 6.8 
Total composition by weight  Liquid phase by weight 
Potassium citrate  ]  Protein  Potassium citrate  I  Protein 
Undiluted 
Experiment 1 
19.61 
23.58 
25.57 
26.57 
27.56 
29.54 
31.51 
32.49 
34.46 
35.43 
37.36 
l~er ¢:e~ 
5.412 
5.135 
4.997 
4,925 
4.857 
4.718 
4.580 
4,510 
4.372 
4.301 
4.160 
canl 
19.85 
24.03 
25.84 
27.22 
27.84 
30.17 
32.19 
33.69 
36.02 
37.10 
39.54 
5.314 
4.529 
3.883 
3.605 
3.616 
2.881 
2.371 
1. 765 
1.088 
O. 734 
O. 1472 
Experiment 2 
20.63 
21.58 
22.62 
23.49 
24.45 
25.41 
27.30 
29.24 
31.16 
33.07 
34.97 
36.86 
37.81 
38.74 
5.339 
5.271 
5.221 
5.140 
5,071 
5.006 
4.872 
4.737 
4.602 
4.468 
4. 330 
4. 191 
4.122 
4.052 
20.30 
21.78 
22.30 
23.55 
24.53 
23.02 
27.58 
29.83 
32.13 
34.15 
36.37 
38.99 
39.78 
40.56 
5.056 
4.778 
4.745 
4.623 
4.135 
4.601 
3. 502 
3.062 
2.467 
1.646 
O.  883 
0. 205 
0.096 
0.026 ELOISE  JAMESON 
TABLE  Iv--Concluded 
869 
Total composition by weight  [ 
Potasshtm citrate  [  Protein  ']  Potassium  citrate  [  Protein 
Diluted 1 part serum to 2 parts potassium  citrate solution 
Experiment 1 
Liquid phase by weight 
p~¢ent 
21.82 
23.81 
25.83 
26.78 
27.77 
29.74 
31.68 
32.68 
33.66 
34.68 
35.61 
37.53 
38.49 
per ceng 
1. 712 
1.667 
1. 616 
1.500 
1. 577 
1.533 
1.487 
1.464 
1.432 
1.419 
1.396 
1.351 
1.328 
per cen~ 
21.95 
23.85 
26.08 
26.97 
27.86 
30.29 
32.31 
33.66 
34.32 
35.11 
36.18 
38.47 
39.17 
~$r Cent 
1.595 
1.392 
1.348 
1.241 
1.139 
0.940 
0.786 
0.727 
0.627 
0.593 
0.496 
0.268 
0.1797 
Experiment 2 
37.07  1.358  37.76  0.352 
38.02  1.336  38.88  0.221 
38.98  1.313  39.97  0.114 
39.92  1.290  40.73  0.065 
also possible, however, that the greater solubility of the fraction, D, 
may mask the small differences in solubility of some other protein 
fractions which are not  single substances.  The  albumin, D,  must 
exist  as  an  independent protein  of  definite solubility,  although its 
solubility is probably influenced by the presence of other proteins. 
Many studies on the solubility of the precipitated fractions of serum 
or plasma as individual proteins in respect to the effect of protein 
concentration have been carried out.  S~rensen (8) showed a definite 
solubility in salt solution independent of the original protein concen- 
tration in the case of crystalline egg albumin, but found a fractiona- 
tion when the solubility of globulin was investigated (11).  Fibrinogen 
and hemoglobin have definite solubilities, also, as proved by the excel- 
lent work of Florkin (12) and Green (13). 
It should be noted that curve II made from diluted serum is not 870  PI~ASE RIYLE STUDY OF PROTEINS  OF BLOOD SERU~I 
comparable to those of Butler and his coworkers for the dilution  has 
not been great enough to break the continuity of the curve C. 
Curve II 
PIete~ogeneous 
_  ~uwe  I 
/'rlomo~enc.0us  c--  v  ~ 
H20.zo  z5  30 
FIo.  4.  Diet--stock.  Effect of dilution. 
Phase rule diagram at 0°C. 
Total composition 
Liquid phase 
55  -40"-  4~ 
Pot  ass~um  citrat  e 
Blood  serum from 40  male rats. 
=  undiluted samples 
®  -" undiluted samples 
A  =  diluted samples 
[]  = diluted samples. 
~>  = undiluted samples 
O  ~- undiluted samples 
A  ~- diluted samples 
[]  --- diluted samples. 
Effect of Change in Protein Concentration and Nature of the Salt 
Proteins of male rat serum, diluted 1 to 10 with 5 per cent (NH4)2SO4 
solution were precipitated with (NH,)2SO4 at 0°C.  The pH of samples ~LOZSE JAMESON  871 
changed from 7.1 in the more dilute to 7.0 in the concentrated solution. 
Table V and Fig. 6 present the data.  B is not visible, C has moved to 
I0~ 
6 
s 
Hete~oger~eous 
A®  ~B  A  A 
II 
/-I20 ~  ~  ~  ~  39  4'o 
Fxo.  5.  Diet--stock. 
Phase rule diagram at 0°C. 
Total composition 
Liquid phase 
Effect of dilution. 
"~1  4Z  4.5  ,,M 
~ot~sium citu~te. 
Blood  serum from 40  male  rats. 
=  undiluted samples 
@ =  undiluted samples 
A  =  diluted samples 
[]  =  diluted samples. 
=  undiluted samples 
Q  =  undiluted samples 
A  =  diluted samples 
[]  =  diluted samples. 
the left, and a  flat place comes into view between C  and D.  At this 
dilution  no  overlapping  of  C  and  D  is  discernible.  An  albumin TABLE  V 
Blood Serum from 100 Male Rats--lO0 Days Old.  Diluted  I to lO--Comparison of 
Precipitation  by (NH4)2S04 at O°C. and at Room Temperature 
Total composition  by weight  Liquid phase by weight 
(NH,),SO,  ]  Protein  (NH,),SC~  [  Protein 
0°C.--Average pH 7.i0 
15.71 
16.70 
17.70 
21.70 
23.69 
25.69 
27.69 
28.69 
29.69 
30.69 
per C~nt 
0.6001 
O. 5930 
0.5859 
0.5575 
0.5432 
0.5290 
0.5148 
0.5077 
0.5006 
0.4935 
~Cr  CC~ 
15.65 
16.61 
17.59 
21.57 
23.78 
25.60 
27.59 
28.80 
29.90 
30.51 
0.6155 
0.5788 
0.5424 
0.3830 
0.3025 
o.223~ 
0.1572 
0.1330 
0.0701 
0.0415 
2~ 
/-5,,  I-I~tero~e~eous 
/ 
/V  V  V  V'~  V 
I'I20  I~  20  25  50  ..,r,l~ 
Ammonium  muLl'ate 
FxG. 6.  Diet--stock.  Serum diluted 1-i0.  Blood serum from 30 male rats. 
Phase rule diagram at 0°C. 
x  =  total composition 
®  =  liquid phase. 
872 TABLE  VI 
Blood Serum from 100 Male Rats---lO0 Days Old.  Diluted 1 to lO---Comparison of 
Precipitation by (NH4)~04 at O°C. and at Room Temperature-- 
g3°C.--Average pH 7.01 
Total composition  by weight  Liquid phase by weight 
(NH02SO4 
14.71 
15.71 
17.70 
19.70 
21.70 
23.69 
25.82 
27.69 
28.69 
29.69 
30.69 
Protein 
~er cent 
O. 6071 
0.6001 
O. 5859 
0. 5718 
O. 5575 
O. 5432 
O. 5281 
0. 5148 
0.5077 
O. 5006 
O. 4935 
(NI--L)~O, 
~er cot~ 
14.53 
15.50 
17.69 
19.58 
21.57 
23.75 
25.85 
27.71 
28.68 
29.62 
30.72 
Protein 
~Gr ~t 
0.~7 
O. ~6 
0.550 
0.440 
0.360 
0.296 
O. 1~ 
0.129 
0.0741 
0.04~2 
0.01960 
2..5 
/Oc  O¢  -~  .... 
Hetero~e~eou~  O5/'~  ~  x  x  x  x  x  x  x 
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globulin ratio  made by means of half saturation with  (NHa)2SO4 at 
this  dilution  would  manifest  a  larger  globulin  and  consequently a 
smaller ratio  than one made with undiluted serum, a  fact noted by 
Butler and coworkers. 
In determining the protein,  the clear samples of the liquid phase 
were brought colorimetrically to  a  pH of 5.5  at  room temperature. 
In the tubes, more concentrated with respect to salt, a heavy precipi- 
tation of protein took place.  It was almost completely resoluble at 
0°C. indicating, qualitatively, that at room temperature a  change of 
pH affects the solubility of the albumin fraction conspicuously. 
Effect of Change in Protein Concentration, Nature of Salt 
and Temperature 
With  (NH,)2SO, as the precipitant of serum, diluted 1 to  10 with 
5  per  cent  (NH4)~SO,  solution,  at  room  temperature  the  expected 
curve materialized.  The curve in Fig. 7 is plotted from the data in 
Table VI.  A  is largely missing, B  is increased, probably at the ex- 
pense of both  A  and  C.  A  break in  C  becomes visible.  There is 
present, then, both the effect of the raised temperature on C and the 
curve to the right of it and the effect of the (NH,)2SO4 on A.  Again, 
this curve could be drawn as a series of curved lines. 
DISCUSSION 
The effect of changes in the variables on each protein fraction will be 
discussed separately. 
Fraction A  (Probably Euglobulin).--Hardy  and  Gardiner  (7)  and 
Chick and  Martin  (3),  found that  the first  fraction  separating  on 
adding salt was a  combination of a  protein and lipoid.  Hardy ob- 
served that the solubility of this protein fraction in saturated NaC1 
solution could be decreased in two ways, namely by extraction with 
ether and by previously salting it out with (NH4)2SO,.  In the experi- 
ments described above its solubility curve has been reduced from that 
in potassium citrate solution at 0 ° and pH 6.8, by the use of (NI-I4)~SO4 
and by changing the pH to 5.5.  It is possible that the solubility of 
fraction A  has  been  changed by splitting  off some of its  combined ~no~sw JA~a~SON  875 
lipoid.  I  Neither  the  change  in  temperature  from  0  °  to  23  °,  nor 
dilution had any appreciable effect on A. 
Fraction B.--The amount of fraction B, as indicated in the standard 
curves, may be augmented either when the solubility of A is changed 
to the isoelectric point of globulin, pH 5.5, or when (NH4)~SO~ is used, 
or when the  fraction,  C,  is decreased  at  room temperature.  These 
additions to fraction B may or may not be identical. 
Fraztion  C.--When  the  temperature  of  precipitation  is  changed 
from 0  °  to  room temperature,  not only is the production of B  and 
possibly D  at the expense of C  apparent but there is a  break in the 
ordinarily  straight  line  denoting the  separation  of phase  C.  Since 
fraction C has been broken up into two or more constituents or com- 
ponents it is probably  a  complex substance.  This hypothesis is in 
accord with all of our results.  The curve in Fig. 6 gives an explana- 
tion  for  McFarlane's  (6)  observation  that  the  globulin fraction  in- 
creases on dilution of serum.  The two components of C  have sepa- 
rated from each other in part.  That these components may recombine 
is suggested by his experiments in which there is an increase in the 
number of molecules of the  size of albumin on mixing albumin and 
globulin solutions.  The globulin particles may be  aggregated when 
uncombined with  albumin  and  redispersed when albumin is  added. 
Hardy's  (14)  observation  that  globulin  present  in  serum  will  pass 
through a porous pot which holds it after precipitation and resolution 
in alkali or salt solution, is further confirmation of this conception. 
Fro.clion D.--The  last  fraction  to  separate  on  salting  out,  D,  is 
definitely a single protein in high concentrations of salt, as proved by 
its  constant  solubility  regardless  of  the  amount  of  protein  in  the 
original mixtures.  Its solubility is definitely less at room temperature 
than at 0% 
In this work we have been concerned with the number of the protein 
fractions and whether they are  individuals or not.  We have deter- 
mined that each of at least four different fractions, A, B,  C, and D 
may be altered independently of the others.  This fact is an indication 
1 The combination may be disturbed in some cases  of  glomerular nephritis 
where an alteration in the cholesterol content of the serum occurs.  At least the 
fraction A is largely missing  although the total globulin  is not reduced. 876  PHASE  RULE STUDY OF  PROTEINS 01  e BLOOD SERUM 
of the individuality of the fractions although not a proof that one or 
more of them may not be a  combination of two or more proteins or 
even continuous series of compounds. 
The charges of the proteins as well as the salt concentrations enter 
into  the  solubilities  of  the  individual  fractions  as  Cohn's  formula 
indicates.  The  effect of  charge  on  solubility is  negligible  in  those 
cases in which the pH can be changed without altering the solubility. 
CONCLUSIONS 
Changes were studied in the standard solubility curve of fresh serum 
proteins by alterations in pH, temperature,  concentration of protein, 
and nature of the salt used for precipitation. 
The principal factor affecting the precipitation  of protein fractions 
was a  change  in  temperature.  In  order  to  investigate  the proteins 
in their original states low temperatures are necessary. 
Protein fraction A is altered by a change in pH and with the use of 
(NH4)2SO4 as a precipitant, fraction B by a change in pH and tempera- 
ture, and use of (NH4)~SO4, C by a change in temperature and concen- 
tration of the protein, and D by a change in temperature and pH. 
The solubility of D  is independent of the amount of protein in solu- 
tion in high  concentrations  of salt. 
Throughout the duration of this border line study of the application 
of the phase rule to a physiological problem, I  have been indebted to 
Dr. T. Addis and Dr. J. W. McBain for helpful criticism. 
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